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AHOTAIIS

Cepena O.I'. TeopeTnyHi OCHOBH PO3BUTKY HU(PPOBUX TEXHOJIOTIH B CHCTEMaX
aBTOMAaTH3allii, 1IarHOCTUKHU, KOHTPOJIIO Ta 3aXUCTY €JIEKTPOTEXHIYHUX KOMILIEKCIB.
— KBamidikamiitHa HaykoBa mpalis Ha IpaBax pyKOIHUCY.

Huceprariss Ha 3100yTTSI HAyKOBOTO CTYIEHSA JOKTOpa TEXHIYHHMX HayK 3a
cnemiasnbHicTIO 05.09.03 — enexkTpoTeXHIYHI KOMIUIEKCH Ta cucTeMH, HarioHanbHMiA
TEXHIYHUHN YHIBEPCUTET «XapKiBChKUI MOMITEXHIYHUHN IHCTUTYT», XapkiB, 2021.

Jlucepranito NPUCBAYEHO PO3BUTKY TEOpii EJNEKTPOMArHIiTHUX MEePEeXiTHUX
NPOLIECIB B €JIEKTPOTEXHIYHUX KOMIUIEKCaX 1 CHCTeMaX HHU3bKOI Halpyrd Mpu
HECUMETPUYHHUX PEKUMaX pOOOTH PO3MOIIIHFHIX MEPEXK EICKTPONOCTaYaHHsI, a caMe
PO3po01i TEOPETUUHO OOTPYHTOBAHOTO CUCTEMHOI0 KOMILJIEKCY HAyKOBHX METOJIB 1
JOCTITHUIBKUX TI1IXO0/1B 3aCTOCYBaHHS ITU(DPOBUX TEXHOJOTIN sl BAOCKOHAICHHS
3aXUCHUX XapaKTEpPUCTUK amapariB pelerHOro 3axucTy Ta NpoTHaBapiiHOl
aBTOMATUKHU €JIEKTpUYHUX Mepex Hanpyroro 0,4 kB.

TeopeTnyHo OOrpyHTOBaHA Ta JIOBEJEHA JOIUIBHICTh PO3KJIAJaHHS CUTHAIB,
0 SIBJISIIOTH COOOI0 CKJIaJHI KOJWBAaHHS, HAa TapMOHINWHI CKJIQJOBI, IUIIXOM iX
JUCKpETU3allii MHOKEHHSIM Ha IpaTdacTy AenbTa-QYyHKIII0 3 YaCTOTOI0 MEHILOIO 3a
MOJBOEHY YacToTy HalikBicta, 110 [JaJ0 MOXJIMBICTE PO3IIUPUTH MEPETIK
TIarHOCTOBAHUX  aBapiiHUX  PEXHUMIB  pOOOTH  PO3MOAUIBHUX  MEPEK
esiekTporoctadants Hanpyrorw 0,4 kB mMarictpanbHOi KOHQIryparii.

3100yna moaIbIInii PO3BUTOK TEOpPist MUPPOBOT 0OPOOKM aHATOTOBUX CHUTHAIIB
NUIIXOM 1X MHOXKEHHSI Ha TpaTdacTi JaenbTa-QyHKII 3 pPI3HUMH I1HTEpBAJIAMH
JUCKpETU3allii, 0 J03BOJWIO MPUCKOPUTH aHali3 TAPMOHIMHOTO CHEKTPY (ha3HUX
CTPYMIB 1 CTPYMYy B HEHTpaIbHOMY IPOBITHUKY 3@ HAsIBHOCTI HENIHIKHUX CIIOTBOPEHb
iX CMHYCOiJaJIbHOI POPMHU BHACIIJIOK PI3HOT XapaKTEPUCTUKN HABAHTAKEHb.

TeopernyHo 0OTpyHTOBaHA JOIIIBHICTE 3aCTOCYBaHHS METOMIB MHUGPOBOI
0OpOOKM CUTHAIIB OTPUMAHUX BiJl TaTYUKIB CTPYMY Il OPMYBaHHS KOMITJIEKCHUX
KpUTEPIiB CIpallbOBYBaHHA MaKCUMAJIbHUX CTPYMOBHUX 3aXHUCTIB IpH MikK(pa3HUX

KOPOTKHMX 3aMHUKaHHSIX 3 METOI I1JeHTH(}IKalii aBapiiHUX pEeXHUMIB pPOOOTH
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CJIEKTPUYHOI MEpPEXi 3a CTYNEHEM CIIOTBOPEHb CEPEAHBOKBAJPATUYHUX 3HAYEHb
(dha3HUX CTPYMIB B MEPEXITHOMY PEXKHUMI, IO JTO3BOJMIO 3HU3UTH MOPIT YYTIUBOCTI
MaKCHMaJbHOTO CTPYMOBOTO 3aXMCTy JO PIBHS CTPYMIB BiJJaJIeCHUX KOPOTKHUX
3aMHKaHb, 3HAUCHHS SIKUX MEHIII1 32 MMyCKOBI CTPYMH ACUHXPOHHHX €JIEKTPOJIBUTYHIB
MAKIIOYEHUX Ha MOYaTKY JIiHI{ eIeKTpornepenadi.

BcranoBieno npouenypu mudgpoBoi 00poOKH OTpUMAaHUX BiJ JATYUKIB CTPYMY
CUTHAJIIB 3 METOIO BHWJIyUYCHHS iH(OpMaIIil Mpo Taki mapameTpH eJIeKTPUIHOTO KoJa,
K KOEQIIIEHT MOTY>KHOCTI ¥ TapMOHINHUI cHekTp ¢a3HUX CTPYMIB, BUXOASIUU 3
aHai3y CIOTBOPEHUX IIiJ] BIUIMBOM HENIHIMHUX HaBaHTaXEHb M arepiojguyHOi
CKJIQJI0BOI CEPEIHbOKBAAPATHYHUX 3HAUEHb, OOUNCIEHUX B MEPEXITHOMY PEKUMI 32
yac, 110 He MEPEBUIILY€E OJHOTO Meploay 3MiHH (Ha3HOI eIEKTPOPYIIIAHOI CUITH.

HaykoBo oOrpyHtoBaHa Ta JoBefeHa JOLUIBHICTE (DOpMYyBaHHS KpHUTEPIIO
CHpallbOBYBaHHS 3aXUCTY HEUTPAIbHOTO MPOBITHUKA BiJ CTPYMIB MEepeBAHTAKECHHS
Ta CTPYMIB OJIHO(GA3HUX KOPOTKUX 3aMUKaHb 0€3 3allyuyeHHS TapMOHINHOTO aHali3y
CHEKTPY HECHHYCOiJaJIbHOIO CTPyMY, KOJM LUIECHPSIMOBAHE CIIOTBOPEHHS
CEpEeIHbOKBAJAPATUYHOTO 3HAYEHHS LUISIXOM BHOOpPY  BIJAMOBIOAHOI  YacTOTH
JUCKPETU3aIlil BUX1THOTaHAIOTOBOT 3aJIe)KHOCTI JI03BOJISIE HE BPaXOBYBAaTH BETUUNHY
CTpyMY TPEThOIrapMOHIKH IIPHU MOOYI0B1 3aXUCTY BiJ CTPYMiB OJHO(AZHUX KOPOTKUX
3aMHKaHb 1 BpaXOBYBaTH MpY NOOYAO0BI 3aXUCTY BiJl CTPYMIB MI€PEBAHTAKEHHS.

3 ypaxyBaHHSIM PO3BUTKY ICHYIOHOi METOJOJIOTii B Tamy3i Teopii 1udpoBoi
00pOOKU CUTHAIIB PO3pOOIEHUN KOMILUIEKC HAYKOBHUX METOMIB Ta JOCHIIHUI[BKUX
MIJIXO/IIB IO BUPIIICHHS aKTyaJbHOI HAYKOBO-TIPUKJIAIHOI MPOOJIEMHU BIOCKOHAJICHHS
3aXMCHHUX XapaKTEPUCTUK arapaTiB MaKCUMaJIbHOIO CTPYMOBOTO 3aXUCTY, a CaMe:

® METOAM BHU3HAYEHHS KOE(QILIEHTAa TMOTY>KHOCTI €JEKTPUYHOrO0 KOJia B

MePEX1THOMY PEKUMI1 BUHUKHEHHS HAICTPYMY ISl (GOpMyBaHHS KOMIUIEKCHOTO

Kkputepito imeHTudikaiii Buay 30ypeHHS: CTPyM BIJJAJICHOTO KOPOTKOTO

3aMHUKaHHs a00 IMMyCKOBUI CTPYM aCHHXPOHHOTO €JIeKTPOABUTYHA,

® METOJ aHali3y TapMOHIHHOrO ckjiany ¢a3HUX CTPYyMIB HECHHYCOIAAIbHOI
dopMu ans MWBHUIKOI iAeHTUDIKAIIT aBapifHUX PEXKUMIB pOOOTH PO3MOIIIHLHUX

MCPECK CICKTPOIIOCTAYaHHS 3a HasIBHOCTI1 HEJIIHIMHUX HAaBAaHTAXCHb,
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® METOJ KOB3HOIO MOHITOPUHIY BEJIWYMHHU CEPEAHBOKBAIPATHUHOIO 3HAUYCHHS
CTpyMY LIISIXOM 3aCTOCYBAaHHS MaTeMaTHYHOTO anapaTy 1HTerpyBaHHS KBaJpaTiB
HOro MHUTTEBUX 3HAUY€Hb, OTPUMAHUX 3 BHU3HAYEHOIO YACTOTOIO AMCKPETH3alLlii
BUX1JTHOT aHAJIOTOBOI 3aJIEKHOCT1 CTPYMY B 4aci, SKUH J03BOJIUB: J11arHOCTYBAaTH
MOPYIIEHHSI IIUTICHOCTI HEWTPAJIbHOTO TMPOBIAHUKA B OyAb-SIKOMY MiCIl
PO3TATY’)KEHOT MEpPEXi EJNEKTPOIOCTAYaHHS 3 PO3MOIIJICHUM B3AOBXK JIHII
eJIeKTpoIiepeadi K JIHIMHUM, TaK 1 HeJIIHIMHUM HaBaHTa)KEHHAM 0e3 3aTydeHHs
rapMOHIHHOTO aHali3y CHEeKTpy ¢a3HuX CTpymiB Ta chopMyBaTH KpHUTEpii
CIPALIOBAHHS MIPUCTPOIB 3aXUCTYy OAHO(PA3HUX CIOXKUBAYIB €JIEKTPOCHEPTIl Bij
MePEeHAINpPyT CIPUYUHEHUX OOPHUBOM HEHTPAIHHOTO MPOBITHUKA; BIOCKOHAIUTH
QITOPUTM 3aXUCTY HEUTPAIHLHOTO MPOBIHUKA Bl CTPYMIB MEPEBAHTAKEHHSI Ta
CTpyMiB  onHOGA3HUX KOPOTKMX 3aMHKaHb 3a paxyHOK BpaxyBaHHS
TapMOHIIHOTO CHEKTPY CTPYMY B HEHTPaTbHOMY MPOBIAHMKY, IO JO3BOJUIO B
MepeXkax eJNEeKTPONOCTAaYaHHS 3 PI3HOK XapaKTEPUCTHUKOK HAaBAHTAXKCHHS
BPaXxOBYBAaTHU TPETIO TAPMOHINHY CKJIAJ0BY CTPyMYy BHOIPKOBO IUIIXOM BHOODPY
BIJIMOBIAHOT YaCTOTU JUCKPETU3AIll BUX1THOI aHAJIOIOBO1 3aJIEXKHOCTI B 4aci;

® METOJM J1arHOCTYBaHHS TEIUIOBOTO CTaHY aCHHXPOHHMX EJIEKTPOJIBUTYHIB, IO
IpaIiolTh B MOBTOPHO-KOPOTKOYACHOMY  PEXKHUMI  pOOOTH,  ILISIXOM
0e3mocepeTHHOT0 KOHTPOJII0 HaJ[ TEMIIEPaTypor0 OOMOTOK CTaTopa B MOMEHT
MyCKY, 3ACHOBaH1 Ha aHaJli31 BIUIMBY 3MIHH aKTUBHOTO ONIOPY OOMOTKHM CTaTopa
npu 3MiHI 11 TeMrepaTypu Ha HEPIBHOMIPHICTh EKCTpEMAJIbHUX 3HAY€Hb
MUTTEBOI OTY>KHOCTI, 1[0 CIIO)KUBAE E€JIEKTPOABUTYH MU ITYCKY;

® METO]I TEIJIOBOIO 3aXUCTy ACHHXPOHHHUX €JIEKTPOABUTYHIB B YMOBAX HENMIHIMHUX
CIIOTBOPEHb CHHYCOINATbHOI (popmu (pa3HHUX CTPyMIB, SIKHI 3a0€3Meuye 3HIKEHHS
MOPOTY YYTIWUBOCTI TEIJIOBOTO 3aXHCTY ACHHXPOHHUX EJIICKTPOABUTYHIB TIPH
CTpyMax TIepeBaHTAXKEHHS 3a paxyHOK BpaxyBaHHS BIUIMBY  BHIIUX
TFapMOHIMHUX CKIaJ0BHUX Y (Pa3HUX CTpyMax, a caMe CTpyMy II’SITOi TapMOHIKH,
sIKa TIPU3BOJAUTH J0 JOAATKOBHX BTPAT 1 HAarpiBaHHIO OOMOTOK CTaTOpa.
Po3po6neni anropurmu iudpoBoi 00poOKH aHATIOTOBUX CUTHAIIB OTPUMAHUX BiJ

JTATYUKIB CTPyMy HJig 3a0e3nedeHHs: (DYHKIIOHYBaHHS MIKPOKOHTPOJEPHUX OJIOKIB

KEepyBaHH4 arapaTaMu pejIeHHOTO 3aXUCTy Ta MPOTHABAPIiHOI aBTOMATUKH, a CaMe:
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® ATOPUTMH IIBUAKOI 17eHTU(]IKAIl BUIY HAJACTPYMYy, 30KpeMa ITyCKOBHUX
CTPYMIB aCHMHXPOHHMX EJICKTPOJBUTYHIB, 32 4ac, 110 HE MEPEBUIIYE OIHOTO
nepiofy 3MiHM (Da3HOI EJNIEKTPOPYIIIWHOT CHUIM MiCHsi BUHUKHEHHS 30ypeHHS
€JIEKTPUYHOIO KOJIa, IO JO03BOJWIO 3HHU3UTU MOPIr YYTIMBOCTI amnaparib
MaKCUMaJIbHUX CTPYMOBHMX 3aXHMCTIB JI0 PIBHSI CTPYMIB BIJIAJIECHUX KOPOTKHX
3aMHKaHb 1 3a0€3MEeUNTH PEXKUM BIIJIAJICHOTO PE3EPBYBaHHS BIIMOB 3aXUCTIB;

® AJITOPUTMHU (byHKITIOHYBaHHS MIKPOKOHTPOJIEPHUX PO3UIIIIIOBAYIB
ABTOMaTUYHUX BUMHKAYiB IIPU OOPHUBI HEUTPAILHOTO MPOBITHUKA B OYIb-sIKOMY
MICI[l pO3Tally>KEHOT MEPEXi 3 PO3MOJUICHUM B3JIOBXK JIHII €JIeKTpornepeaayi
HABAaHTAKEHHSAM, B SIKUX 32 HAsIBHOCTI HENIHIMHUX HaBaHTaXeHb (POpMyBaHHS
KPUTEPIIO CIpallbOBYBAaHHS 3aXHCTy 3MIACHIOETHCS 32 PaxyHOK HIMPOKO
BUKOPHCTOBYBAaHUX B TIPUCTPOSAX PEICHHOTO 3aXHCTy Ta MPOTHABAPIHHOI
aBTOMATUKU MaTeMaTUYHUX Olepaliidi IHTerpyBaHHS KBaJApPATIB MUTTEBUX
3Ha4Y€Hb (Pa3HUX CTPyMIB 0€3 3aTyUYEHHS aHaNI3y X TapMOHIMHOIO CKIIanay;

® AJITOPUTM byHKIIOHYBaHHS MIKPOKOHTPOJIEPHHUX PO3YIIUTIOBaYiB
ABTOMATUYHUX BHUMHKAYIB MPHU 3aXUCTI HEUTPAILHOTO MPOBIIHUKA BiJ] CTPyMiB
MEPEBAHTAXKEHHS Ta CTPYMIB OJTHO(DA3ZHUX KOPOTKHUX 3aMUKAHb, SIKU 0a3yeThCs
Ha KOB3HOMY MOHITOPUHTY CEpPEAHbOKBAJPATUUYHOTO 3HAUYEHHS CTPyMy B
HEUTPAJIbHOMY TPOBIIHUKY B PEXUMI, KOJH IIUJIECTIPSIMOBAHO BHOCSTHCS
CIIOTBOPEHHS B OOYHCICHHA CEpEeAHBOKBAJAPATHUYHOTO 3HAYEHHS CTPyMYy
IUISIXOM BHOOPY BIJAMOBIIHOI YacCTOTH JAUCKPETH3allli BHXIJHOI aHAJOTOBOi
3alIe)KHOCTI, IO JO3BOJWJIO HE BpaxOBYBaTH BEIMYMHY CTPyMY TpPEThOI
FapMOHIKM TpHU TMOOYJOBI 3aXHUCTy BiJl OAHO(DA3ZHUX KOPOTKUX 3aAMHKAHb 1
BpPaxOBYBaTH MpPHU peaizallii 3axuCTy BiJ MEPEBAHTAXKEHb IMI00 3a0e3MeynTH
NOBHY CEJIEKTUBHICTh 3aXHCTIB PO3MOJAUIBHUX MEpPEX EJeKTPONOCTaYaHHs
Hanpyrotoo 0,4 KB 3 IIIyXUM 3a3eMJICHHSIM HEHTpasl K 3 JIHIMHUMH, TakK 1 3
HEJTIHIMHUMH HaBaHTaXCHHSIMH 03 3alydyeHHS! TapMOHIMHOIO aHami3y CIeKTpa

CTPyMY B HEUTpaJIbHOMY MPOBITHUKY;
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® AJITOPUTMH J1arHOCTYBaHHS TEIUIOBOTO CTaHY aCUHXPOHHUX €JIEKTPOJIBUTYHIB B
NEePEexXiTHOMY pEeXHMI IYyCKy MNIUISIXOM O€3M0CepeHbOT0 KOHTPOJIO0 Ha
TEMIIEpaTypol0 OOMOTKM CTaTopa 3a 3MIHOI 1ii aKTUBHOTO OMNOpYy MpHU
HarpiBaHHi, CyTh SIKOTO TIOJISITA€ B aHaJi31 HEPIBHOMIPHOCTI €KCTpEeMaJIbHUX
3HaY€Hb MHTTEBOI Ta KBa3IMHUTTEBOI MOTYKHOCTEH, IO CIIOKUBAIOTHCS B
pPEeXXHUMI BUHUKHEHHS ITyCKOBOTO CTPYMY,

® ANrOpUTM  (PYHKIIOHYBaHHS  pejieé  TEIUIOBOTO  3aXHCTy  aCHHXPOHHUX
CJIEKTPOJIBUTYHIB 3 YpaxyBaHHSM BHIIUX TapMOHIMHUX CKIAJOBHUX y (a3HHUX
CTpyMax, a camMe CTpyMy II’SITOi TapMOHIKH, sIka MPHU3BOAUTH IO JOJATKOBUX
BTpaT 1 HArpiBaHHIO OOMOTOK CTaTopa.

VY BcTymi 00TpYHTOBAHO aKTyaJbHICTh TEMH JUCEPTAllii Ta BUOPAHOTO HAIPSAMY
JOCTiKeHb, COPMYITHOBAHO TOJIOBHY METY Ta 3aBIaHHS pOOOTH, HABEIEHO HAYKOBY
HOBH3HY Ta MPAaKTHUHY 3HAYUMICTh OJIEP’KaHUX PE3YIIbTaTIB.

VY nepuiomy po3Jiiii HABEICHO HAYKOBO-TEXHIYHE OOTPYHTYBAaHHS aKTYyaJbHOCTI
MIPOBEJICHHS TOCIIHKEHb 1 PO3pOOKH MeTO11B (hOPMYBaHHS ONTUMAIBHUX aJTOPUTMIB
(YHKLIOHYBAaHHSA MIKPOKOHTPOJEPHUX 3ac00iB MpPOTHABapiiiHOrO KepyBaHHA 3
METOI0 3a0€3MEUYECHHSI CTIMKOCTI €JIEKTPOSHEPTETUUHUX KOMIIJIEKCIB 1 CHCTEM.

Takox y meprioMy po3/iii MpoaHaTi30BaHI TEXHIUHI PIIICHHS CIPSMOBaHI Ha
mBUAKEe (OpPMYBaHHS KPUTEPIiB 11eHTU]IKALIl PI3HUX aBapIMHUX PEXKUMIB POOOTH
€JIEKTPUYHOIO KoJjla: MDK(a3HUX KOPOTKMX 3aMHUKaHb, NYCKIB AaCMHXPOHHHUX
CJICKTPOJIBUTYHIB, OJIHO(MA3HUX KOPOTKUX 3aMHKaHb Ha HEUTPAJIbHUM MPOBITHUK,
nepeHanpyr y oaHo(a3HUX CIOXKHBAYIB EJIEKTPOEHEPTii BHACIIOK MOPYIICHHS
LTICHOCTI HEUTPaJbHOTO MPOBIJHMKA, MEPEBAHTAXEHb HEHUTPaTbHOTO MPOBITHUKA
CTpyMaMH TpPEThOI TapMOHIKH, IiarHOCTYBaHHS TEIUIOBOTO CTaHY AaCHHXPOHHHX
CJICKTPOJIBUTYHIB TIPH MEPEBAHTAKEHHSX.

VY npyromy po3auti po3po6iieHi epEeKTUBHI aITOPUTMH IIBUAKOI 1AeHTH(IKAIIT
BUJy HAJICTPYMY 3 BHCOKOIO YYTIMBOCTI IO CTPYMIB BiJJIaJICHUX KOPOTKHX 3aMHUKaHb,
M0 JO3BOJIUJIO  YJOCKOHATUTH  3aXHCHY  YacCOCTPYMOBY  XapaKTEPUCTHUKY
MIKPOKOHTPOJIEPHUX PO3YITUTIOBAYIB aBTOMATHMYHUX BHUMHKAYIB 1 3a0€3MEYUTH SIK
BHCOKY IIBUJKOIIO CEJIEKTUBHOTO 3aXHCTY, TaK 1 PEXKUM BIAJIATICHOTO Pe3E€PBYBAHHS

BiI[MOB anapaTiB MAaKCHUMAJIbBHOT'O CTPYMOBOTI'O 3aXUCTY.
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VY TpeTboMy po3iii OTpUMaHI MaTeMaTU4H1 CITIBBITHOIIEHHS, 110 JO3BOJISIOThH
B MEpeXkKax eJIEKTPOINOCTaYaHHs 3 HEJIHIMHUMU BUIaMHU HaBaHTaXEHb 1, IK HACIIJIOK,
31 CHOTBOPEHHSIM CHUHYCOifanbHOI (opMu (a3sHUX CTPYMIB BpaxoBYBaTH iX
TrapMOHINHUN CKJIaJ MPU MOOYI0B1 BUCOKOUYTIMBUX 3aXHUCTIB YOTHPHOXITPOBITHUX
PO3TaTyKEHUX MEPEX ENEKTPOIOCTauYaHHS 3 PO3MOJIJICHHM B3JI0BXK MariCTpajabHOI
JiHIT ~ eNeKTpomepedadl HAaBaHTAXEHHAM B  aBapiiHUX  pexuMax poOoTu
HEUTPaAJIILHOTO MPOBIAHUKA.

Y deTBepTOMYy pO3IUII TEOPETHYHO OOIPYHTOBAHO METOJ 1arHOCTYBAHHS
aBapiiHUX PEXHUMIB €JIEKTPUYHOTO KOJIa, SIKUW TOJIArae B aHaNi31 HEPIBHOMIPHOCTI
eKCTPEMAalbHUX 3HaY€Hb MHUTTEBOI MOTY>KHOCTI, IO CHOXXUBAETHCS B MEPEXiTHOMY
peXUM1 BUHUKHEHHSI CTpyMy 30ypeHHsA, a caMe pO3po0JIeHI MaTeMaTW4yHl MOJeni
TEIUIOBOTO CTaHy €JEKTPOJBUIYHIB, IO MPAIOIOTh B MOBTOPHO-KOPOTKOYACHOMY
peXHMI, MPU 3aXUCTI BiJl HENPUILYCTUMOI'O MEPEBUIIEHHS TEMIEpATypu OOMOTOK
HUIIXOM O€3M0CepEeTHBOr0 KOHTPOJII0 HAJl TEMIEPAaTypol0 OOMOTKM cTaTopa 3a
301IbIIEHHSAM 1i aKTUBHOTO ONOpPY. 3alpONOHOBAaHO Ta PEali30BaHO Y BHUIVISI
anroput™My (YHKI[IOHYBaHHSI MIKPOIPOILIECOPHOTO MPUCTPOIO 3aXUCTY TEXHIUYHE
pIIIICHHS, SIKE JIO3BOJIIE B PEXHMI KOB3HOTO MOHITOPHHTY c(opMyBaTH dac
COpAllbOBYBAHHS peJie 3aXHCTy ACHHXPOHHUX €JEKTPOJBHUIYHIB BiJ CTpyMiB
NEepPEeBAHTAXKEHHS 3 YPAXyBaHHSAM HENHIMHUX CIIOTBOPEHb (Pa3HUX CTPYMIB.

Knrouosi cnosa: posnonaiibHa Mepexa eJIeKTPOIoCTayaHHs, peeMHUN 3aXHCT,
MaKCUMaJlbHUI CTPYMOBHMI 3axucT, LU(poBa 0OpoOKa cHUTHaANIB, KOe(DILieHT
MOTY)XHOCTI, BIJJIaJIeHE KOPOTKE 3aMHUKAaHHS, BIJJaJcHE pe3epBYBaHHS BiIMOB
3aXMCTIB, HEJIHIAHI CIIOTBOPEHHS, TapMOHIMHUI CHEKTP HECHHYCOIJAIBHOTO
CUTHAaJTy, aCHHXPOHHHH EIEeKTPOABUTYH, CEPEIHHOKBAIAPATUYHE 3HAYCHHS CTPyMY,
JTUCKpPETU3aIlisi  aHaJOrOBOTO  CUTHAJIy, 4YacToTa JUCKpeTH3allii, I1HTepBal
KBAaHTYBaHHS, MIKPOKOHTPOJEpHUN OJIOK KepyBaHHS, aBTOMATHUYHUI BUMHKAY,

HaIIBIPOBITHUKOBHUI PO3UIILITIIOBAY.
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4. TloBblllIeHUE DJIEKTPUYECKOW H3OJSLUUA MEKKOHTAKTHOTO TIPOMEKYTKa B
OBICTPOJCHCTBYIOIIEM aBTOMATUYECKOM  BBIKJIIOYATENE TMOCTOSIHHOTO Toka /
B. B. JlutBunenko, B. C. JlynukoB, A. I'. Cepema. Bicnux Hayionanonozo
mexniynoeo ynisepcumemy «XIII». Cepis: [Ipobremu yOOCKOHANEHHS eleKMPUUHUX
mawun i anapamis. Teopis i npakmuka. 2006. Ne 36. C. 65-68.

5. Pacuer momsgpu3OBaHHOM  MAarHUTHOW IEMHM  BBIXOJAHOTO  pene  JuId
MOJIyTPOBOJHMKOBOIO paclenurens apToMmarndeckoro Beikiatouatens / A. I'. Cepena,
E. B. ®ettoxuna. Enekmpomexnika i enexkmpomexanixa. 2006. Ne 3. C. 35-38.

6. YcoBepiieHCTBOBaHHAS MaTteMaTUu4ecKas MOJEJb WHYKIITMOHHO-
JTUHAMHYECKOT0 IPHBOJIa aBTOMAaTHYECKOro BbeIKirovaTens / B. B. JluTBuHeHko,
B. C. Jlynuxos, A. I'. Cepena. Bicnux Hayionanvnoeco mexuiunozo yHigepcumemy
«XIl». Cepia: Ilpobremu yoockoHaneH s eleKmpuyHux mawun i anapamis. Teopis i
npaxmuxa. 2008. Ne 40. C. 66-83.

7. BBICTpOJICHCTBYIOIIMI aBTOMAaTUYECKUN BBIKIIOYATENIb IOCTOSIHHOTO TOKa
Bbicokoro Hampspkenust / B. C. JlynukoB, A. I'. Cepema, B. B. JluTBuHeHko.
Enexmpomexnixa i enexmpomexanixa. 2008. Ne 1. C. 25-29.

8. D heKkTuBHOE HUCIOJIb30BAHUE 3JIEKTPOJAMHAMHYECKUX YCHJIMHA B KOHTAaKTHBIX
cucremax aBromatudeckux BoIkIrouarenei / J[. K. Monaxos, O. I'. Cepena. Bichux
Hayionanvnoco mexuiunozo ynisepcumemy «XIIly. Cepis: IIpobaemu yoockonanenus

enekmpuyHux mawun i anapamis. Teopis i npakmuka. 2009. Ne 44, C. 87-94.
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9. KauecTBeHHBII aHaNU3 BIMAHUS (PEPPOMATHUTHOIO CEPACYHHMKA HA BEIUYUHY
CUJIbI MHIYKIIMOHHO-TMHaMu4yeckoro npuojaa / B. B. JlutBunenko, B. C. Jlynukos,
A. I'. Cepena. Bicnux Hayionanvrnoco mexwniunozo yuisepcumemy «XIII». Cepis:
llpobnemu yoockonanenHs erekmpuyHux mawiun i anapamie. Teopis i npakxmuxa.
2010. Ne 29. C. 57-64.

10. DxcnepuMeHTaNbHBIE HCCIEAOBaHUA OJIOKa KOMIIGHCAIUsI TEePEMEHHOTO
MarHuTHOTrO TOJIsA JUIsi aBTomMatudeckoro Boikimouarens / E. I Kopo:s,
B. C. Jlynukos, A. I'. Cepena, ¥O. [. Pynac. Bicnux Hayionanvroeo mexHiunozo
yuisepcumemy «XIIl» : 30. HaykoBUX mpaib. Tematnunuii Bumyck : I[IpoGnemu
YIOCKOHAJIEHHS €JIEKTPUYHUX MalluH 1 anapatiB. Teopis 1 mpaktuka. 2011. Ne 4.
C. 20-28.

11. Komnencarus BEKTOpA MIEPEMEHHOTO MarHUTHOTO MOMEHTAa
ANEKTPOOOOPYIOBaHUSI € TOMOIIBbID  BJEKTPOMAarHUTa  C  COCTaBHBIM
dbeppomarautabiM cepaeunukoMm / E. I'. Koponbs, B. C. Jlynukos, A. I'. Cepena,
FO. [. Pynac. Texniuna enexkmpoounamira. 2011. Ne 4. C. 20-25.

12. TermoBuii PO3paxyHOK CTPYMOBEAYYOI YaCTHHHW aBTOMAaTHYHOTO BHMHKada /
B. B. JlurBunenko, A. I'. Cepema, JI. C. Kozap, B. B. MopryHd. Bicnuk
Hayionanbnoco  mexuiunoco  yuigepcumemy  «XIIly.  Cepia:  Ilpobremu
VOOCKOHAIeHHSL eJleKmpudHux mawur i anapamis. Teopis i npakmuxa. 2012, Ne 28.
C. 27-43.

13. MonepHu3alusi 3alUThl  3JEKTPOYCTAHOBOK COOCTBEHHBIX HYX)A ADC
Hanpspkearem 0,4 kB / A. C. Ko6ozes, A. I'. Cepena, JI. b. Xopnsk, B. B. Moprys.
Enexmpomexunixa ma enexmpoenepeemuxa. 2012. Ne 2. C. 66-72.

14. TloBeIlIeHHE HANEKHOCTH 3aUThI AnekTpudeckux cereir OBJIDHEPI'O 0,4 kB
3a CYET MCIOJIb30BAHUSI KOMIUIEKCHBIX KpuTepueB cpabateiBanms / A .C. KoGo3es,
A.T'. Cepena. Ceimnomexunixa ma enekmpoenepeemuxa. 2012. Ne 2 (30). C. 42-54.

15. BuzHaueHHs [iI0YMX 3HA4Y€Hb NEPIOAMYHOTO HECHMHYCOINAaJbHOTO CTPyMY 1
HOT0 HEMmapHUX TapMOHIK 32 JUCKPETHHUMH 3HAYCHHSMH O€3MEePEepPBHOI 3aJICKHOCTI
ctpymy y yaci / O. C. Kob6ozes, O. I'. Cepena, B. B. MopryH. Enexmpomexnika i
enekmpomexanixa. 2012. Ne 5. C. 21-26.
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16. TloBbllieHUE MOXapHOU O0E€30MACHOCTH JIEKTPOYCTAHOBOK COOCTBEHHBIX HYX ]
HanpsbkeHueM 0,4 kB aromubix snextpocranumii / A. I'. Cepema, H. I'. ®onra,
B. B. Mopryn, C. A. bepe3anckuil. Bicnuxk Hayionanbno2o mexniuno2o
yuisepcumemy «XIIl». Cepisa: Ilpobnemu yO0OCKOHANEHHS eNeKMPUYHUX MAWUH |
anapamis. Teopis i npaxmuxa. 2012. Ne 61 (967). C. 8-23.

17. TexHiuHUN aHaN3 Cy4aCHHUX METOJIIB TMOKPAIICHHS 3aXHCHHUX BIIACTUBOCTEU
aproMatnunux BuMukadiB / O. I'. Cepena, I. C. Bapmamosa, B. B. JlurBunenko,
B. B. MopryH. Bicnuxk Hayionanvnoco mexuiunoeo ynigepcumemy «XIIl». Cepis:
Ilpobnemu yoockonanenHs erekmpuyHux mawun i anapamie. Teopia i npakmuka.
2013. Ne 15 (988). C. 61-92.

18. TexHiyHUH OTJIAT Cy9aCHHX aBTOMATHYHUX BHMHKAYiB HU3BKOI HAINPyTd Ha
HoMmiHanbHUE cTpyM 250A / O. I'. Cepena, B. B. JlutBunenko, 1. C. Bapmamoga,
B. B. Mopryn. Bichux Hayionanvnoeco mexuiunozo ynisepcumemy «XIII». Cepis:
IIpobnemu yoockonanenHs erekmpuyHux mawun i anapamie. Teopia i npakmuka.
2013. Ne 35 (1008). C. 3-23.

19. [loBbimieHWE YpPOBHS TOXApHOH OE30MaCHOCTH KOPAOENbHBIX CHCTEM
anexktpocHaOxkenus / A. I'. Cepena, 1. C. BapmamoBa, B. B. JlurBunenko. Bicuux
Hayionanbnoco  mexuivnoco  ymuieepcumemy  «XIll».  Cepia:  Ilpobremu
VOOCKOHANIeHHs1 eleKmpudHux mawun i anapamis. Teopis i npaxmuxa. 2013.
Ne 65 (1038). C. 37-52.

20. J/IlnarHOCTUpOBaHME  aBApUHHBIX PEKUMOB B  Pa3BETBICHHOW  CETH
AJIEKTPOCHAOKEHUSI HAa OCHOBE aHaju3a CPEAHEKBAJIPATUYHOTO 3HAYCHUS] TOKa /
A.T. Cepena. Hayunu uzeecmus na HTCM. 2013. Ne 2 (139). C. 414-419.

21. Pacuiupenune QyHKIMOHAIBHBIX BO3MOXKHOCTEH anmapaToB peIeiiHON 3aIUThl
Ha OCHOBe aHanu3a JedcTByromero 3HadeHuss Toka / A. TI. Cepena.
Enexmpomexaniuni i enepeozbepiearoui cucmemu. 2013. Ne 3 (23). C. 75-82.

22. Cepena A. I'. JlanbHee pe3epBUPOBAHUE OTKA30B 3aIIUT Pa3BETBICHHON CETH
AJIEKTPOCHAOKEHUSI C YUYETOM IYCKOBBIX TOKOB ACHHXPOHHBIX J3JIEKTPOJIBUTATEIIECH.

Bichux  Kpemenuyyvkoco  HayionanvHoco  yHieepcumemy  imeni  Muxatina

Ocmpoepaocvrozo. 2013. Ne 5 (82). C. 16-21.
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23. [ligBuIIIeHHST YyTJIMBOCTI MAaKCUMaJIbHOTO CTPYMOBOTO 3aXHCTy 10 CTPYMiB
Biggasiennx  kopotkux 3ammkanb / O. TI. Cepema, O. C. Kobo3es.
dnexmpomexuuyeckue u komnviomeprole cucmemot. 2013. Ne 09 (85). C. 57-64.

24. TloxparieHHs 3aXMCHUX BIACTHBOCTEHM MPOTHUABAPIMHOI aBTOMATUKU CYJTHOBHX
cuctem enekrponocradanns / O. I'. Cepena, I. C. Bapmamona, H. I'. ®onTta. Bichuk
Hayionanvnoeco ynisepcumemy xopabnedyoysanus imeni aomipara Maxaposa. 2014,
Ne 1 : BeO-caiit. URL: http://evn.nuos.edu.ua/article/view/39874.

25. Sereda Oleksandr G. Identification of starting currents of induction motors in a
branched power network and its protection from remote short circuit. Acta Technica.
2014. Vol. 59, Ne 2. C. 135-147.

26. Cepena O. [I'. 3axmct posramyxeHoi Mepexi eJIeKTPOIoCTadyaHHSI 3
PO3MOAUICHUM HABAaHTAXKEHHSM BiJl OOpWMBY HEUTPalbHOTO MPOBIJIHUKA. Bicnux
Hayionanvnoco ynisepcumemy «Jlvgiecoka noaimexuikay. Enexmpoenepeemuuni ma
enexkmpomexaniuni cucmemu. 2014. Ne 785. C. 66-73. URL: http://nbuv.gov.
ua/j-pdf/VNULPEEC 2014 785 13.pdf. (nata 3Bepuenns 01.01.2021).

27.Cepena O. TI'. 3axucT acCHMHXpPOHHUX €JIEKTPOABHUTYHIB Bil CTPyMIiB
MepeBaHTaXEHHST 3 Oe3MmocepeIHIM KOHTPOJIEM TEeMIIepaTypu OOMOTKH B MOMEHT
NyCcKy. 36ipHux Haykosux npayv Jlonbacvbkoeco 0epicagHo20  MexHiYHO20
yuisepcumemy. 2014. Bumn. 2 (43). C. 100-110.

28. [ligBuieHHs  HAIIMHOCTI  3aXHCTy CICKTPUYHHUX MEpPEeX IMOOYTOBOIO
MPU3HAYEHHS 32 PaXyHOK BUKOPHCTAHHS KOMIUIEKCHUX KPHUTEpIiB CIpaIlbOByBaHHS
3axucHux amapartiB / [. C. Bapmamona, O. I'. Cepena, H. I'. ®onta. BicHukx
Hayionanenoco mexuiunozo yuieepcumemy «XIIl» : 30. HAYKOBUX TMpallb.
Tematnuynuil Bunyck : [IpoOnemMu yJOCKOHaJICHHS €JIEKTPUYHUX MAlIUH 1 anaparis.
Teopis 1 mpaktuka. 2015. Ne 13 (1122). C. 3-19.

29. 3aXMCT aCUHXPOHHUX €JEKTPOJBUTYHIB BiJI CTPYMIB IE€PEBAHTAKECHHS 3
Oe3rmocepeHiM KOHTpOJIeM TeMmIiepaTypu oOMoTku B MomeHT mycky / O. I'. Cepena,
A. O. Ilpoxopenko. Haykoeuti eichux Hayionaneno2o eipnuuo2o yHieepcumemy.

2015. Ne 5. C. 69-76.
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30. [TocTpoeHne HOBBIX 3allUT HA OCHOBE aHaju3a XapakTepa HW3MEHEHUs
CyMMapHOW MTHOBEHHOW MOIIHOCTM TPH BO3MYILIEHUU OJJIEKTpUUECKOU uenu /
B. E. Paitnun, A. C. Kob6o3eB, A. I'. Cepena. Onexkmpomexnuxa: Edcemecaunviii
Hayuno-mexH. scypHan. 2015. Ne 4. C. 2-4,

31. Cepena O. [I'. 3axucT acCHMHXpPOHHUX EJIEKTPOABHUTYHIB Bil CTPyMiB
NEPEBAHTAXEHHS 3 YpaxXyBaHHSM HENIHIMHUX CIOTBOpPEHb (Ha3HUX CTPYMIB.
Hayxosuu éicnux Hayionanvnoeo eipnuuozo ynieepcumemy. 2015. Ne 2. C. 90-96.

32. 3axUCT aCMHXPOHHMX EJIEKTPOJIBUTYHIB MOOYTOBUX MPHIAAIB BiJ CTPYMIB
NEPEBAHTAXKEHHS 3 YpaxyBaHHSIM HEMHIMHUX CIOTBOPEHb (a3HOTO CTpyMy /
O. I'. Cepena, 1. C. BapmamoBa. Erexmpomexnika i Enrekmpomexanika. 2015. Ne 3.
C. 14-19.

33. Monitoring thermal state of induction motors through the winding direct
temperature control during the start / Oleksandr G. Sereda, Victoriia Lytvynenko,
Iryna Varshamova. Acta Technica. 2018. VVol. 63, iss. 3. P. 433-446.

34. IIBuakoi0uMii aBTOMATUYHUN BUMHUKAY TOCTIMHOTO CTPYMY BHCOKOI
Hanpyru : mat. 88512 VYkpaina : MIIK (2009) HO1H 71/12. Ne a 2007 10518 ;
3asB11. 24.09.2007 ; ony6u1. 26.10.2009, brom. Ne 31.

35. Cnoci6 mBUIKOAIIOYOTO MAKCHMAJIBHOTO CTPYMOBOTO 3aXHCTY 3 BHCOKOIO
YYTIUBICTIO JI0 CTPYMIB BIJJAIEHUX KOPOTKUX 3amukaHb : matr. 101084 VYkpaina :
MIIK (2013.01) HO2H 3/08 (2006.01), HO2H 7/00, HO1H 73/00. Ne a 2011 09057 ;
3agBi. 19.07.2011 ; omy6u. 25.02.2013, bromn. Ne 4.

36. Crmoci0 Bu3HAuYEHHS MAIIOYUX 3HAYEHb MEPIOJMYHOTO HECHMHYCOiTaIbHOTO
CTpyMy 1 HOTO HEMapHUX TapMOHIK MUISIXOM MHOXEHHS 3aJIEKHOCTEH CTpyMy BiJ
yacy Ha rpaTyacTy JAelbTa-(QyHKII0 3 PI3HUMH IHTEpBAJaMU AMCKPETH3ALll :
nat. 102741 VYkpaina : MIIK (2013.01) HO2H 3/08 (2006.01), HO2H 7/00,
HO1H 73/00. Ne a 2011 13048 ; 3sB11. 07.11.2011 ; omry6m. 12.08.2013, bron. Ne 15.

37. Cmocib 3axucTy Bij OOpHBY HEUTPATbHOTO MPOBIAHUKA B OyAb-SIKOMY MICIT
CICKTPUYHOI MEpeki 3  PO3MOAUICHUM B3AOBX JIiHII  HaBaHTaXEHHIM
nat. 105560 Ykpaina : MIIK (2014.01) HO2H 3/08 (2006.01), HO2H 7/00, HO1H 73/00.
Ne a 2012 10691 ; 3asBn. 12.09.2012 ; omy6i. 26.05.2014, Broa. Ne 10.
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38. Cnoci6 3axucTy eNeKTPOJBHUIYHIB BiJI CTPYMIB TI€PEBAHTAXECHHS 3
Oe3rmocepeHiM KOHTpoOJIeM Temmeparypu oOmMoTku : mar. 105141 VYkpaina :
MIIK HO2H 5/04 (2006.01), HO2H 7/085 (2006.01). Ne a 201308219 ;
3asBi. 01.07.2013 ; ony6s1. 10.04.2014, Bron. Ne 7.

39. Cnoci6  3axuCTy  aCHMHXpPOHHHUX  CJICKTPOJBHUTYHIB  BI  CTPYMIB
NEepeBaHTAXEHHS 3 0e3MocepeiHiM KOHTPOJEM TeMIepaTypd OOMOTKH B MOMEHT
nycky : mat. 105150 Vkpaina : MITIK HO2H 5/04 (2006.01), HO2H 7/085 (2006.01).
Ne a 2013 10027 ; 3asBi. 12.08.2013 ; ory6:1. 10.04.2014, bromn. Ne 7.

40. Cnoci®0 3axuCTy eJEeKTPOABUTYHIB BiJl CTPyMIiB TEPEBAHTAKEHHS
nat. 106030 Ykpaina : MIIK (2014.01) HO2H 3/08 (2006.01), HO2H 7/085 (2006.01),
HOTH 73/00. Ne 2 2013 112986 ; 3asB:1. 08.11.2013 ; ony6a. 10.07.2014, brom. Ne 13.

41. Croci0 3axucTy HEUTpaJIbHOTO MPOBIAHUKA BiJl CTPYMIB MEPEBAHTAXKECHHS Ta
CTpyMiB 0JHO(a3HUX KOPOTKHUX 3aMUKaHb B €JIEKTPUUHUX MeEpekax 3 HENHINHUMU
BHUJIaMU HaBaHTaxeHb : naT. 113596 Ykpaina : MIIK (2016.01) HO2H 3/08 (2006.01),
HO2H 7/00, HO1H 73/00, HO2H 7/10 (2006.01), HO2H 3/16 (2006.01),
HO2M 1/32 (2007.01), GO1R 31/02 (2006.01). Ne a 2016 00564 ; 3asBxn. 25.01.2016 ;
omy6u. 10.02.2017, Bromn. Ne 3.

42. Crocib MakCUMaJIbHOTO CTPYMOBOTO 3aXHCTY 3 BHOIPKOBOIO UYTJIMBICTIO 0O
CTPYMIB BIJJIAJICHUX KOPOTKHX 3aMHKaHb Ta IYCKOBUX CTPYMIB aCHHXPOHHHX
enekTpoaBuryHiB : mat. 114380 Vkpaina : MIIK (2017.01) HO2H 3/08 (2006.01),
HO2H 7/00, HOIH 73/02 (2006.01). Ne a 2016 05401 ; 3asBn. 18.05.2016 ;
ory6u1. 25.05.2017, Bron. Ne 10.

43. Cmoci0 3axuCTy eIeKTPUIHOI Mepexki 3 PO3MOIICHUM HaBAaHTAKCHHSIM BIJ
OoOpUBY HEUTPATBLHOTO MPOBIIHUKA 3 ypaxyBaHHSIM HEJIIHIWHUX CIIOTBOPEHB (ha3HUX
ctpymiB : mat. 119874 Vkpaina : MIIK (2019.01) HO2H 3/08 (2006.01), HO2H 3/13
(2006.01), HO2H 7/00, HO1H 73/00, GOIR 31/02 (2006.01). Ne a 2016 13655 ;
3asBi1. 30.12.2016 ; omy6u1. 27.08.2019, Brom. Ne 16.

44. Cnoci6 3axucty oaHO(pa3HUX CIOXUBAYIB €JIEKTPOEHEPTii BijJ MEpEHaIpyr,
0 BUKJIMKaHI OOpPMBOM HEWTpaJbHOrO MpOBIIHMKA : mar. 122365 VYkpaina :
MIIK (2020.01) HO2H 3/08 (2006.01), HO2H 7/00, HO1H 73/00, HO2H 7/26 (2006.01).
Ne a 2018 12180 ; 3asB. 10.12.2018 ; omy6:. 26.10.2020, bro. Ne 20.



ABSTRACT

Sereda O.H. Theoretical bases of development of digital technologies in
systems of automation, diagnostics, control and protection of electrotechnical
complexes. — Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of the scientific degree of the Doctor of
Technical Sciences on specialty 05.09.03 — Electrotechnical Complexes and Systems,
National Technical University «Kharkiv Polytechnic Institute», Kharkiv, 2021.

The Dissertation is devoted to the development of the theory of electromagnetic
transients in electrotechnical complexes and low voltage systems with asymmetric
modes of operation of power distribution networks, namely the development of a
theoretically sound system of scientific methods and research approaches to digital
technologies application to improve the protective characteristics of relay protection
devices and emergency automation of electrical networks with voltage of 0.4 kV.

Expediency of decomposition of signals representing complex oscillations into
harmonic components by their discretization by multiplication by a lattice delta
function with frequency less than twice the Nyquist frequency is theoretically
substantiated and proved, which made it possible to expand the list of diagnosed
emergency modes of distribution networks with voltage of 0.4 kV of trunk
configuration.

The theory of digital processing of analog signals by multiplying them by lattice
delta functions with different discretization intervals is further developed, which
allowed to accelerate the analysis of the harmonic spectrum of phase currents and
currents in a neutral conductor in the presence of nonlinear distortions of their
sinusoidal shape due to different load characteristics.

The expediency of application of methods of digital processing of signals
received from current sensors for formation of complex criteria of operation of the
maximum current protections at interphase short circuits for the purpose of
identification of emergency modes of operation of an electric network on degree of

distortions of average square phase current values during transient mode is
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theoretically substantiated which allowed to reduce the sensitivity threshold of the
maximum current protection to the level of currents of short circuits, the values of
which are less than the starting currents of induction motors connected at the
beginning of the power line.

Procedures for digital processing of signals received from current sensors are
established in order to extract information about such parameters of electric circuit as
power factor and harmonic spectrum of phase currents, based on analysis of distorted
under the influence of nonlinear loads and aperiodic component of rms values
calculated in transient mode which does not exceed one period of change of phase
electromotive force.

Expediency of formation of criterion of operation of protection of neutral
conductor against overload currents and currents of single-phase short circuits
without involvement of harmonic analysis of spectrum of non-sinusoidal current,
when purposeful distortion of rms value by selecting the appropriate discretization
frequency of the output analog dependence allows not to take into account the value
of the current of the third harmonic when constructing protection against single-phase
short circuits and to take into account when constructing overcurrent protection. Is
scientifically substantiated and proved.

Taking into account the development of the existing methodology in the field of
digital signal processing theory, a set of scientific methods and research approaches
to solving the topical scientific and applied problem of improving the protective
characteristics of maximum current protection devices is developed, namely:

e methods for determining the power factor of an electric circuit in the transient
mode of overcurrent occurrence for the formation of a complex criterion for
identifying the type of perturbation: remote short-circuit current or starting
current of an induction motor;

e a method of analysis of the harmonic composition of phase currents of non-
sinusoidal shape for rapid identification of emergency modes of operation of

power distribution networks in the presence of nonlinear loads;



3

e a method of sliding monitoring of the rms value of current by applying a
mathematical apparatus for integrating the squares of its instantaneous values
obtained with determined discretization frequency of the output analog current
dependence in time, which allowed: to diagnose the violation of integrity of the
neutral conductor at any place of the branch power transmission network with
both linear and nonlinear loads without involving harmonic analysis of the phase
current spectrum and to form criteria for operation of devices for protection of
single-phase electricity consumers from overvoltages caused by a break in a
neutral conductor; to improve the algorithm of protection of neutral conductor
from overload currents and currents of single-phase short circuits by taking into
account the harmonic current spectrum in the neutral conductor, which allowed
in power supply networks with different load characteristics to take into account
the third harmonic component of current selectively by selecting the appropriate
discretization frequency of the intput analog time dependence;

e methods for diagnosing the thermal state of induction motors operating in
repeated short-term operation mode by direct control of the temperature of the
stator windings at start-up, based on the analysis of the effect of changes in
active resistance of the stator winding when changing its temperature on the
non-uniform extreme values of instantaneous power consumption of the electric
motor at start-up;

e a method of thermal protection of induction motors at nonlinear distortions of
sinusoidal shape of phase currents, which reduces the reduction of the sensitivity
threshold of thermal protection of induction motors at overload currents by
taking into account the influence of higher harmonic components in phase
currents, namely the current of the fifth harmonic leading to additional losses
and heating of the stator windings.

Algorithms for digital processing of analog signals received from current
sensors to ensure the operation of microcontroller control units for relay protection

devices and emergency automation are developed, namely:
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e algorithms for rapid identification of the type of overcurrent, in particular
starting currents of induction motors, for a time not exceeding one period of
change of phase electromotive force after arising of perturbation of the electric
circuit, which reduced the sensitivity threshold of maximum current protection
devices to the level of currents of remote short-circuits and to provide the mode
of remote redundancy of failures of protections;

e algorithms of circuit breakers microcontroller releases operation in case of
neutral conductor break in any place of branched network with load distributed
along the power line, in which in the presence of nonlinear loads the formation
of protection criterion is carried out due to widely used in relay protection and
emergency automation devices mathematical operations of integration of
squares of instantaneous values of phase currents without involvement of the
analysis of their harmonic structure;

e an algorithm of circuit breakers microcontroller releases operation in protection
of neutral conductor from overload currents and single-phase short-circuit
currents, which is based on sliding monitoring of rms value of current in neutral
conductor in mode when purposefully distortions are introduced in calculating
the rms value of the current by selecting the appropriate discretization frequency
of the input analog dependence which allowed not to take into account the value
of the current of the third harmonic in the construction of protection against
single-phase short circuits and to take into account at the implementation of
overload protection to ensure full selectivity of protection of distribution
networks of 0.4 kV with deaf neutral grounding with both linear and nonlinear
loads without the involvement of harmonic analysis of the current spectrum in a
neutral conductor;

e algorithms for diagnosing the thermal state of induction electric motors in the
transient start-up mode by directly controlling the temperature of the stator
winding by changing its active resistance when heated, the essence of which is
to analyze the non-uniformity of extreme values of instantaneous and quasi-

Instantaneous power consumption in the mode of occurrence of starting current;
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e an algorithm of operation of the relay of thermal protection of induction motors
taking into account the higher harmonic components in phase currents, namely
the current of the fifth harmonic, which leads to additional losses and heating of
the stator windings.

The Introduction substantiates the relevance of the Dissertation topic and the
chosen direction of research, formulates the main purpose and objectives of the work,
presents the scientific novelty and practical significance of the results obtained.

The first section presents the scientific and technical substantiation of urgency
of carrying out of researches and development of methods of formation of optimum
algorithms of functioning of microcontroller means of emergency control for the
purpose of maintenance of stability of electric power complexes and systems.

The first section analyzes the technical solutions aimed at the rapid formation of
criteria for identifying different emergency modes of electric circuit operation:
interphase short circuits, starts of induction motors, single-phase short circuits on the
neutral conductor, overvoltages in single-phase power consumers due to violation of
the integrity of the neutral conductor, overloads of the neutral conductor with currents
of the third harmonic, diagnosing the thermal state of induction motors during
overloads.

The second section develops effective algorithms for rapid identification of
overcurrent type with high sensitivity to remote short-circuit currents, which allowed
to improve the protective time-current characteristics of circuit breakers
microcontroller releases and provide both high-speed selective protection and remote
backup mode of failures of devices of the maximum current protection.

In the third section, mathematical relations are obtained that allow in power
supply networks with nonlinear types of loads and, as a consequence, with distortion
of sinusoidal shape of phase currents to take into account their harmonic composition
when constructing highly sensitive protections of four-wire branched power supply
networks with the load distributed along the main power line in emergency modes of

operation of the neutral conductor.
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The fourth section theoretically substantiates a method of diagnosing emergency
modes of an electric circuit, which consists in analyzing the non-uniformity of
extreme values of instantaneous power consumed in the transient mode of
perturbation current occurrence, namely, mathematical models of thermal state of
electric motors operating in repeated short-term mode when protecting against
unacceptable excess of temperature of the windings by direct control of the
temperature of the stator winding by increasing its active resistance are developed. A
technical solution is proposed and implemented in the form of an algorithm for the
operation of a microprocessor protection device, which allows in the mode of sliding
monitoring to generate the operation time of protection relay of induction motors
against overload currents taking into account nonlinear distortions of phase currents.

Key words: power supply distribution network, relay protection, maximum
current protection, digital signal processing, power factor, remote short circuit,
remote redundancy of protection failures, nonlinear distortions, harmonic spectrum of
non-sinusoidal signal, induction electric motor, rms current value, analog signal
discretization, discretization frequency, quantization interval, microcontroller control

unit, circuit breaker, semiconductor release.
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